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THE EPIDERMAL IRON PIGMENTS OF RED SPECIES*
PETER FLESCH, M.D., PH.D.
The color of human red hair and red chicken
feathers is derived mainly from iron pigments
(1—5). These pigments do not occur in black
or blond hair or black feathers. They differ
from the brown-black melanins in major re-
spects: they are amphoteric, relatively loosely
bound to their protein moiety and their chief
derivatives, the siderins and the chromophores
(4—6) or pyrrotrichols (7, 8), have characteristic
p11 dependent colors and display absorption
bands in the visible and ultraviolet.
Recently from the hair of New Zealand red
rabbits and red mongrel dogs, I extracted pig-
ments which in every major respect are similar
to those isolated earlier from human hair and
chicken feathers. It appears that an iron-cen-
tered red pigmentary system, although not too
frequent, may be as widespread as the copper—
tyrosinase controlled black-brown melanin pig-
mentation. In this paper the isolation, char-
acterization and general properties of these
unique substances will be reported.
MATERIAL AND METHODS
1. Hair and feathers. The amounts and often
even the structure and composition of the pig-
ments that may be extracted from red hair and
feathers depend on the compactness of the horny
structures. The loose rabbit hair and chicken
feather yield large quantities of pigment within
a short time. From these sources the pigment also
may be obtained under mild conditions in the
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This work is dedicated to the memory of
Stephen Rothman, a pioneer in this uncharted
area of pigment research. It was my good fortune
to have worked with him in the initial phases of
this research (1,2).
form of the so-called protopigments (PPL Hu-
man and canine hair require long periods of ex-
traction during which the major part of the pig-
ment is decomposed within the hair shaft; hence
the yields are low.
2. Pretreatment. Hair of New Zealand red rab-
bits was kept in chloroform at room temperature
overnight, washed twice with chloroform and
several times with acetone. The hair was dried
before extraction. Feathers of Rhode Island red
chickens, human and canine hair were treated in
a similar way. In early experiments the non-red
portions (unpigmented rachis and black barbs)
were removed and only red barbs were extracted.
This practice was found to be unnecessary and
therefore abandoned. Pretreating the hair with
glacial acetic acid (2) was given up as superfluous
and at times even damaging to the pigments.
3. Extraction of siderin.s. In most of our ex-
periments we extracted the hair and feathers with
boiling 0.1 N HC1 to obtain the so-called siderins
(trichosiderin and feather siderin). These are the
largest indicator-type red pigments characterized
by a reversible color change to yellow above pH
2 and a neutral isoelectric point. Rabbit hair and
chicken feathers were placed with boiling stones
into vessels containing 15—20 ml. acid/Gm hair or
feathers. The solution was brought to a boil and
boiling continued for 15 minutes. As during this
time about two-thirds of the pigment goes into
solution, as a rule we did not repeat tile extrac-
tion. The procedure for human and canine hair
was similar, but boiling was continued for one
hour, the solution filtered off and boiling con-
tinued for another hour with a fresh batch of 0.1
N HC1. Occasionally some human red hair yielded
considerable amounts of pigment during con-
tinued extraction for as long as 5 hours. Generally,
the pigment could be extracted almost completely
within 2 hours.
The extracts were filtered and neutralized to
exactly pH 7 with 10 N and 0.1 N NaOH. The
precipitated chocolate-brown siderins were centri-
fuged and washed at least three times with water.
Unless used for analyses, these pigments were not
dried, but kept at ice-box temperature in the dark
until further processing ("Fraction 7").
The neutral supernates were pooled and their
pH adjusted to 4.3. When left standing for a day,
a light tan to brown flocculent pigment precipi-
tates. This fraction ("Fraction 4.3") which is con-
siderably less than the main bulk ("Fraction 7")
was also washed with water and processed sepa-
rately.
4. Extraction of pro topigments. From rabbit
hair and chicken feathers the pigments may be ob-
tained under mild conditions in forms which are
presumably closer to their natural state in the
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hair. These forms were called the protopigments(PP). The PP-s may be extracted with weak
acids or alkalies at room temperature or prefer-
ably at 40°C; the acid PP with 0.05 to 0.1 N HCI
at 11. T. or 40°C within 2—4 hours, the alkaline
PP with 0.005 to 0.1 NaOH within 10 minutes to
2 hours. The PP-s of chicken feathers have been
described earlier (3); from rabbit hair similar
compounds may be extracted. When acidified and
boiled, within 5 minutes the PP-s turn red and are
converted to the siderin type of indicator pigments.
Boiling is not essential for this conversion, as pro-
longed incubation of the PP-s in 0.1 N HCI at
40°C also effects this change.
5. Isolation and purification of the chromophore.
We called the grouping responsible for the indi-
cator behavior, purple acid color with absorption
bands in the visible the chromophore group.* As
this group is attached to protein and iron, several
steps are required to obtain it in a pure state.
The splitting may be accomplished in many ways.
The usual procedure adopted by us was as follows:
The crude siderin pigment ("Fraction 7") is
dissolved in 0.1 N HC1 to make a relatively con-
centrated solution. The solution is centrifuged to
remove acid-insoluble impurities. To 4 volumes
of the supernate 1 volume 10% KSCN is added
(2% final concentration). The solution turns pur-
pie because of partial release of the chromophore
(not because of the formation of a ferrithiocyanate
complex as originally believed (2)) and an im-
mediate brown precipitate is formed. The pre-
cipitate is centrifuged off and extracted 4 or 5
times with 2% KSCN in 0.1 N HC1, until no more
red color appears in the supernate. The supernates
are pooled, their pH adjusted to 7 and the pre-
cipitated pigment centrifuged off and washed
thoroughly with water. Not infrequently the pig-
ment precipitates at pH 4.3, indicating a more
far-reaching splitting of the chromophore-protein
combiiiation already at this stage.
The pigment is then dissolved in the least pos-
sible amount of 0.1 N NaOBI and passed through
a 1 m column of Sephadex G-25 fine. In the col-
umn the pigment separates into 2 components: a
broad, dark-brown band consisting of protein,
travelling ahead of a narrower orange-colored
band, the chromophore. The orange band even-
tually expands into a series of ill-defined regions;
their color on the column in the sequence of their
filtration rates is brown-red, orange and rose-pur-
ple. The presence of the chrornophore is tested by
acidifying the eluates: in the presence of the
chromophore they turn purple. The pooled eluates
of the chromophore are acidified to pH 4.3, al-
lowed to stand, the precipitate is collected by
centrifuging, washed with water, redissolved in
0.1 N NaOH and passed again through a Sephadex
column as above. Usually after this second pas-
sage, the chromophore is free of amino acids.
Fraction 4.3 is treated in the same way as
Fraction 7. It separates into brown and orange
components much more clearly than Fraction 7.
Attempts to remove the pigment by treating
pulverized feathers with a combination of papain-
Na bisulfite and urea (9) failed. Recovery of any
protopigthent or chromophore from the digested
keratin did not succeed.
6. Other attempted procedures. Much of the
brown fraction can be split off the crude siderins
with strong acids (e.g. 5 N HCI or H2S04) after
which the red fraction becomes dialyzable. As
this procedure still leaves much of the brown
component attached to the chromophore group,
it was abandoned in favor of the less drastic
method described above.
Gel filtration with 0.02 or 0.1 N HCI as eluent
was given up, as the separation between the two
components was indistinct.
In our early experiments (3, 4) the pigment ob-
tained from the supernate of the KSCN splitting
was dissolved in 0.1 N HC1 and dialyzed against
tile solvent. A red fraction dialyzed, leaving a
brown solution in the bag from which the brown
protein eventually precipitates. The first dialyzates
can be precipitated at pH 7; subsequent ones at
4.3. While this procedure afforded insight into
the composition of the pigment, it was abandoned
in favor of the more efficient gel filtration.
Attempts at isolating the chrornophore by thin
layer and paper chromatography were unsuccess-
ful. The following solvent systems were used:
Water: arnyl alcohol: pyridine (30:35:35), butanol:
pyridine : water (6:4:3), acetic acid: methyliso-
butylketone : water (2:4:4), pyridine : methyliso—
butylketone: water (4:4:2), butanol : acetic acid:
water (100:20:18). None of them moved the
chromophore from its point of application. The
chromophore did not move by electrophoresis.
Thin layer chromatography and electrophoresis
failed in Boldt's hands as well (8).
7. Chemical analyses. Protein was determined
with Lowry's method (10). Amino acid analyses
in hydrolyzed fractions were carried out with the
autoanalyzer. Tvrosine and tryptophane were de-
termined with Millon's reagent (11), iron with
2-2' dipyridyl after reduction with hydroxylamine
(12).
RE STILTS
Yields of pigments primarily depend on the
compactness of the horny structures undergoing
extraction. The deep wine-red solutions ob-
tained from feathers and rabbit hair after 10—15
mimites' boiling with acids are in marked con-
trast with the pale pink to brown colors of
human and canine hair extracts, prepared by
boiling with acids for 1—2 hours. From 100 Gm
red feathers 650 mg crude siderin could be ex-
* Boldt (8) names this group "pyrrotrichol," a
word derived from the Greek words for fire and
hair. Unfortunately the name may also imply that
pyrrols are present in the chrornophore for which
there is no evidence.
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tracted. These amounts are ten times larger
than the values previously reported for human
hair (2). A single red feather can impart a
pink hue to 50 ml 0.1 N HC1. Because feather
and rabbit hair can lose relatively large amounts
of pigment, their red color turns grey after
continued extraction. Human and dog hair re-
tain practically all their original color even
after prolonged extraction, because the pigment
is gradually destroyed in the process and be-
comes acid-insoluble (3, 4).
The pigment derives its color from 2 com-
ponents which are attached: a brown iron-
protein and a chromophore. The amount of
extractable chromophore is related to the "red-
ness" of hair and feathers. "Carrot—red" or
bright red human hair yields more chromophore
than the less red varieties. Contrary to our
previous statements (2), the pigment may occur
in small, but significant quantities in brown-
red hair. The deep wine-red extracts of feathers
of Rhode Island red chickens contrast sharply
with the turbid, pale pink extracts of buff
feathers. Similar differences were observed in
New Zealand red rabbits of varying intensities
of "redness."
The natural state of the pigment in the hair
is probably similar to the orange-brown proto-
pigments (3). Chemical analyses revealed that
these are iron proteins. A chromophore is linked
to them, but cannot be detected, unless the
protopigments are heated in acids, when they
turn red, or passed through a Sephadex G-25
fine column. With such gel filtration a brown
fraction precedes an orange colored region
without any distinct separation. When heated
with acids for 10 minutes, the orange fraction
turns red or pink and behaves like an indicator.
At present, the only forms in which the pig-
ments can be identified are those in winch the
chromophore has been converted to an indicator
substance, with a purple-pink color below pH 2,
brown-yellow above this turning point and an
absorption band in its acid form with a maxi-
mum at 535 mt. Boiling in acids is not essential
for this color change; conversion may take
place by incubating the protopigments in an
acid medium at 40°C for several hours. During
extraction of red horny structures with boiling
acids a similar conversion occurs. This process
can be best observed with feathers or rabbit
hair. When these are placed in 0.1 N HC1 and
gradually heated, at first the extract turns
yellow, before the boiling point is reached. With
continued heating, or even when removed
from the flame, the yellow extracts gradually
change to deep-red. Prota and his coworkers
attribute the color change to decarboxylation
by hot acids (13). Amino acid analyses did not
reveal any quantitative or qualitative differences
between the protopigments and the siderins.
The siderins, i.e. the indicator forms of pig-
ment obtained with boiling acids or by conver-
sion of the PP-s consist of 3 components: pro-
tein (about 98%), ferric ion and a non-protein
chromophore group. It is the latter winch is
responsible for the identifying characteristics.
As long as the chromophore remains attached
to the protein portion, the colored compounds
display the characteristics of the chromophore:
indicator properties, acid-solubility and absorp-
tion band in the visible. For this reason a
large nuthber of similar compounds may be ob-
tained with varying amounts of amino acids
attached. Unless amino acid analyses are carried
out on each, a task precluded by the small
yields of purified pigment, they may be mis-
taken for the purified chrornophore which is free
of amino acids. This circumstance explains
apparent contradictions between our earlier
(4, 5, 6) and present concepts, contradictions
similar to those existing in Boldt's papers (7, 8).
Our current views of the 3 components of the
siderins are as follows:
I. Protein
So far, we have analyzed the following frac-
tions in human and avian red pigments: the
siderins, the precipitates obtained by splitting
the siderins with KSCN, fractions obtained
by dialysis and incompletely purified chromo-
phore-peptides. Among red chicken pigments
we studied also the PP-s; in rabbits and dogs
the KSCN split products. From these analyses
we arrived at the following conclusions:
1. The most striking feature of the various
fractions is the similarity in their amino acid
composition within the same species. The data
have been interpreted as indicating near-homo-
geneity; the protein was considered as having
a minimum molecular weight of 6700—8300.
Even in different species the similarities in
composition outnumbered the differences. A few
representative data are shown in Table I.
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TABLE I
Amino acid composition by per cent mole fraction
of red feather and human hair pigments
Antno acid
Acid
feather
protopig-
ment
Alkaline
feather
proto-
pig-
ment
Feather
siderin
Tricho-
siderin
Lysine 7.4 6.9 7.2 5.8
Histidine 4.1 3.5 3.8 3.7
Arginine 3.7 3.8 4.2 6.0
Aspartic acid 8.6 8.5 8.3 7.8
Threonine 4.6 5.1 5.1 3.7
Serine 5.7 5.7 5.8 6.9
Glutarnic 8.7 9.4 9.9 9.6
acid
Proline 3.8 3.7 4.2 3.8
Glycine 5.7 6.3 5.8 6.7
Alanine 9.6 9.4 9.2 5.6
1/2 cystine Trace 1.4 Absent Absent
Valine 6.1 6.1 6.7 5.5
Methionine 0.5 0.9 1.1 Absent
]Isoleucine 3.0 3.6 3.6 3.3
Leucine 8.5 8.7 8.7 6.8
Tyrosine 1.2 2.1 2.4 2.7
Phenylala- 3.6 3.7 4.1 3.7
nine 3.6 3.7 4.1 3.7
Ammonia 15.1 11.1 10.0 18.3
2. All fractions contained the following amino
acids: lysine, histidine, arginine, aspartic acid,
threonine, serine, glutarnic acid, proline, glycine,
alanine, valine, methionine, isoleucine, leucine,
tyrosine, phenylalanine and tryptophane. Cys-
tine, as expected, was present in the alkaline
FF, but not in the other samples. In this, as in
other respects, the protein of the red pigments
differs from the black melanoprotein, which
contains dopa in addition to cystine (14). The
absence of these two amino acids in the protein
part of the red pigments is of interest, as cys-
teine and dopa are required for the synthesis
of the chromophore (13).
3. When the proteins are completely freed of
the chromophore, they become insoluble in
acids. With the chromophore attached, they are
soluble in acids and precipitated at pH 7.
When, with advancing purification, the relative
proportion of the chrornophore increases, the
isoelectric point shifts to about 4.3 which is the
pH at which the chromophore precipitates.
4. The protein fractions are brown. Occa-
sional near-white or light tan precipitates may
be obtained from the 4.3 fraction. We attribute
the brown color to the ferric ion, because sev-
eral amino acids, especially the basic group,
give a brown color with ferric ions. The iron
content varies, but is generally low, ranging
from 0.1 to 0.3%. None of the proteins give
the ninhydrin reaction.
II. Ferric Ion
Our theories concerning the role of ferric ion
have been challenged, as the purification of the
chromophore progressed. Originally we thought
that the chrornophore was a metallo-organic
compound. A similar belief is voiced by Boldt
in his first publication on the subject (7). In his
more recent work (8) Boldt proved that the
purified chromophore of human red hair con-
tained no iron. In their analogous feather pig-
ment fractions, Froth and his coworkers did not
detect any iron either. (13, 15). In our hands
the purified chromophore did not react with
KSCN or potassium ferrocyanide. On the
other hand, by independent analyses* in recent
samples of our most highly purified chromo-
phores from rabbit hair and chicken feathers
significant amounts of iron were found.
A reason for this apparent contradiction may
be as follows. When trichosiderin is split into
a brown and red fraction, most of the iron goes
with the red fraction. This separation is espe-
cially pronounced in dialysis where the brown
bag content has 0.1—0.3% iron, while the iron
content in the dialyzate rises to 1.2—1.4% from
the original 0.3—0.5% of the siderins. During
the last steps of purification when the last
remnants of the brown component are removed
in an alkaline medimn by gel filtration, the iron
becomes detached. A regular finding is the de-
velopinent in the upper tenth of the column of
a thin, brown band which does not move. This
band may be eluted with acids and reprecipi-
tated with alkalies. It consists of ferric hydrox-
ide.
Thus while the iron is not an essential part of
the chromophore, the evidence indicates that it
links the chromophore to the protein. The
splitting of the siderins with KSCN probably
results from displacing the weaker secondary
valences between iron and protein with a
firmer combination. When the KSCN is re-
* Analysis with an atomic absorption instru-
ment and emission spectrograph by Dalare Asso-
ciates, Philadelphia, Pennsylvania.
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Fio. 1. Absorption spectra of chromophore—peptide from red feather pigment
moved, the pigment goes agaii into solution in
acids.
Aiother possible indication of an iron pro-
tein is a rare phenomenon, observed with some
incompletely purified chromophore fractions
which still contained protein. When left stand-
ing for several days in alkalies at room tem-
perature, the originally orange solution takes
on a salmon color (5). This color change is
reminiscent of those observed in two other
nonheme iron proteins, transferrin (16) and
conalbumin (17). It may be due to uptake of
CO2 from the air and formation of an iron-
bicarbonate chelate. It also may result from a
conversion of one form of chromophore to an-
other, as described by Boldt; such conversions
are brought about by light and changes in pH
(8). The absorption spectra of the three col-
ored compounds are shown in Fig. 1.
III. Chromophore
Because of the time-consuming task of purifi-
cation and the small amounts obtained, we did
relatively little work on the chrornophore. This
indicator-like substance has brilliant colors,
purple in acids, orange in alkalies, with a turi-
ing point at about pH 2. It precipitates slowly
at pH 4.3. Insoluble in water and neutral or-
gaiic solvents, it dissolves in some acid and
alkaliie organic compounds such as acetic acid,
dichloroethaiol, pyridine, diethanolamine. Its
absorption bands in acid solution at 220, 262,
325 and 535 and in alkaline solution at
222, 262, 325 and 480 mp. are considerably
sharper than those of the siderins. The visible
baid shifts to shorter wavelengths in an alkaliie
medium. As first pointed out by Boldt (7), the
chrornophore contains sulfur. We found in a not
entirely purified chromophore from rabbit hair
6% S, in a purified sample of avian chromo-
phore 8.9%. The color is resistant to very strong
acids and alkalies. From 100 Gm feathers we
obtained 115 mg chromophore.
Recently great progress has been made by
Italian authors in the isolation aid ideitification
of feather chromophores. This work will be
summarized below.
DISCUSSION
Discovery of a widespread pigmentary sys-
tem which is different from tyrosine-melanin
pigmentation raises problems of a chemical,
biological and medical nature.
Some of the basic chemical problems have
been solved by the brilliait work of Prota
and his coworkers (13, 15, 18). These authors
synthesized a pigment by oxidizing with po-
tassium ferricyanide a mixture of cysteinyldopa
and dopa in an alkaline medium. This pigment
was identical in all respects with the natural
feather chromophore. Prota et al. consider 5-S-
cysteinyldopa an important intermediate in
the biosynthesis of the red feather pigment.
However, this chemical model may not account
for all the properties of other chromophores.
In Boldt's experiments (8) the human red hair
chromophore—called pyrrotrichol by him—has
beei revealed as a complex mixture of at
least 12 closely related compounds, many of
which were interconvertible. These chromo-
phores had similar C/H/N ratios, about 12% S,
no iron and similar acid equivalent numbers.
hO
pH 1.0
0.5
pH 10.5 upon standing
X )( p1412.5
0.3
0.I
250 300 350 400 450 500 550 600
Mn mp
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Many of them changed into each other from
variations in pH and from light. The latter
observation is interesting, because it raises the
possibility that the red pigments may be con-
verted to photochemical irritants and at least
partly account for red individuals' intolerance
to sunlight.
Among the biological problems the interrela-
tion between red and black pigments remains
to be clarified. This interrelation finds expres-
sion in many ways: in the darkening of red
haired persons with advancing age, in the mix-
ture of black and red pigments within the same
feathers of Rhode Island red chickens, in the
occasional irreversible blackening of red hair
after the ingestion of chloroquine* and possibly
even in the grey residual color in red feathers
and rabbit hair after the extraction of the red
pigment. Fitzpatrick and his coworkers (19)
attributed this interrelation to a partial sharing
of syrtthetic pathways in black and red pigmen-
tation. These authors postulated that red and
black pigments alike originated from tyrosine.
While the black pigments followed the classical
pathway of oxidation, cyclization to indole
compounds with subsequent polymerization to
melanin, in red pigmentation one of the inter-
mediates, probably a quinone, was sidetracked
by some aminophenol to form soluble anilino-
quinones which then progressed toward the syn-
thesis of red pigments. The aminophenol pre-
sumably originated from tryptophane, although
later no evidence could be found for this as-
sumption (20).
The evidence in favor of this theory rests on
two observations: the dopa-positivity and al-
leged tyrosinase activity of red hair roots. In
my opinion both observations may be given dif-
ferent interpretations from those advanced by
Fitzpatrick et al.
The dopa-positivity may well result from a
non-specific catalytic effect of the red hair pig-
ment on the autoxidation of dopa. We noted
such an effect in vitro (2, 5). The objection
that the pigment used in these studies was
necessarily different from its natural form in
the hair has little validity, because ferric ions
themselves have a similar effect.
Tyrosinase-positivity has been attributed to
the red hair matrix (19) on the basis of auto-
*These observations in patients treated with
chioroquine are of doubtful significance as long
as the affected red haired people have not been
identified as carriers of trichosiderin.
radiographic evidence. When red hair follicles
were incubated with labelled tyrosine, intense
silver grain deposition was observed in the
matrix. The assumption that such deposition is
proof of tyrosinase activity is unfounded. In-
corporation of the labelled amino acid without
any further oxidation could equally account for
the finding. Tyrosine is an integral part of the
protein part of the red pigment and judging
from some of its reactions (16), may be in a key
position.
Although these alternative interpretations of
the work of Fitzpatrick et al. are conceivable,
in the light of Prota's recent work (13, 15, 18)
the basic features of their postulated "pheo—
melanin"—pathway may be essentially correct.
If cysteinyldopa is Mi intermediate in the bio-
synthesis of red pigments, then tyrosinase would
be needed in the first steps of this reaction.
However, the dopaquinone would be sidetracked
by cysteine rather than by an aminophenol, to
form cysteinyldopa. The second phase would he
oxidation of the cysteinyldopa and dopa to the
chromophore. This second stage may be cata-
lyzed by iron. It is of interest that in their
model experiments ProM et al. used ferricyanide
to effect this reaction (18).
Some of these problems could be approached
with electron microscopic observations of red
hair roots injected with radioactive iron. Our
identification of these pigments in laboratory
animals would facilitate such studies. Previous
electron microscopic studies already have re-
vealed unique "melanosones" (which should
be called erythrosomes) in human red hair (21).
The independence of red and black pathways
is also supported by recent studies of the in-
heritance of red hair in man (22). They strongly
support the hypothesis that red pigmentation
in human hair is dominant to its absence,
hypostatic to brown and black and that a
single dominant gene is responsible for red
pigmentation.
The medical problems stem from the great
susceptibility of red haired individuals to ultra-
violet light, either because of lack of protective
melanins or because the red pigments are con-
verted to photochemical irritants. The red
pigment also offers new opportunities for the
study of "melanoproteins." Its protein portion
can be split with relative ease, in contrast to
the impossible task of achieving this separation
in the black varieties (13). Elucidation of the
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protein structure may help in studies of mela—
nornas.
The medicolegal implications of our findings
are obvious. "Redness" need not be based any-
more on subjective criteria, but on the presence
of these pigmeits. For the same reason, genetic
studies which have foundered on an adequate
definition of "redness" may be helped by these
objective critoia. Studies of the inheritance of
red hair have been handicapped by the prob-
lem who should be considered "red" (23).
Finally, an urgent reform of the nomencla-
ture is needed. The term "pheomelanin," a
misnomer which lumps red aid yellow pigments
together, is to be replaced with a more rational
terminology, as suggested elsewhere (24).
SUMMARY
1. From the hair of New Zealand red rabbits
and red mongrel dogs we extracted iron pig-
ments which in all respects are similar to those
previously isolated from red human hair (tn-
chosiderin) and red chicken feathers (feather
siderin). The extractability of these pigments
depeids on the compactness of the horny struc-
tures. During extraction with hot acids the
loose feathers and rabbit hair yield relatively
large amounts of pigment and in the process
lose their red color. Human and canine hair
give up their pigments in much smaller quai'-
tities and do not change their color.
2. These pigments consist of protein, iron
and a chromophore group. The latter, when
heated in acids, acquires its characteristic indi-
cator property (red-yellow) and absorption
spectrum.
3. The iron pigments differ in all major re-
spects from the black melanins: they are am-
photeric, their protein part may be split off
easily from the chromophore group and has an
amino acid composition which differs from that
of the black melanoproteins. Available data
suggest coexistent, but independent black and
red pigmentary systems.
4. The iron pigments are the major epider-
mal pigments in these red species. Our fiidings
indicate that an iron-centered red pigmenta-
tion may be widespread, though not as fre-
quent, as the classical black melanin pigmen-
tary sstent
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